the concentration or type of polymer, it is necessary to further examine the parameters that can be manipulated in microchip electrophoresis that results in a rapid resolution of DNA fragments.
This study examined what has the greatest affects in microchip electrophoresis. In particular, differences in the separation ability due to the buffer composition and pH, which have not been sufficiently explored in microchip electrophoresis, were analyzed. First, the differences in DNA separation due to the polymer concentration and applied field strength were examined. Next, the differences in the buffer composition and pH were analyzed concerning their influence on DNA migration. Lastly, how these differences would be applicable to the resolution of single DNA molecules was tested.
Materials and Methods

Instrumentation
Experiments were performed on a Hitachi SV1100 Microchip CE system (Hitachi Electronics Engineering Co., Tokyo, Japan), which was equipped with a light-emitting diode (LED) confocal fluorescence detector. Excitation was at 470 nm and detection was at 580 nm. SV1100a software was utilized for data analysis. The electrophoresis chip was fabricated from polymethylmethacrylate (PMMA) (Hitachi) with a simple crosschannel of 100-µm and a depth of 30-µm. The effective separation length of the chip was 30 mm. The distances from the crossing point to reservoir 1 (buffer), reservoir 3 (buffer), reservoir 2 (sample outlet), and reservoir 4 (sample inlet) were 5.7, 37.5, 5.2, and 5.2 mm, respectively.
Reagents and samples
Methylcellulose (MC), tris(hydroxylmethyl)aminomethane . DNase-and RNase-free water used for sample preparation was from ICN Biomedicals (Aurora, OH, USA). DNA ladder (100-bp) was purchased from TOYOBO Co.
(Osaka, Japan). The dye chosen for this study was ethidium bromide (EtBr) (Nippon Gene (Tokyo, Japan)).
Procedures DNA ladder (100-bp) was diluted to 70 ng/µL in DNase-and RNase-free water and stored at -20˚C until utilized. A polymer solution was prepared by adding MC to a boiling buffer solution (1 × TBE or 20 mM phosphate buffer) to generate a final concentration of 1% MC. The solution was stored at 4˚C overnight until the solution appeared to be homogeneous and transparent. EtBr was added to the polymer solution at room temperature and mixed completely by vibration. An EtBr concentration of 0.5 µg/mL was utilized because there was no obvious change in the peak heights of the 100-bp DNA ladder fragments with EtBr concentrations ranging from 0.5 µg/mL to 3.0 µg/mL. The polymer solution was filled from reservoir 3 into the microchannels of the chip using a specific Hitachi syringe. Using a pipette, reservoirs 1 and 2 were filled with a polymer solution and reservoir 4 was filled with the sample. By applying 300 V to reservoir 2 for 20 s, the sample filled the microchannel, while the other reservoirs maintained their grounded state. Unless sample separation was indicated, sample separation was performed at a field strength of 180 V/cm by applying 810 V at reservoir 3, and 140 V at reservoirs 2 and 4, and by utilizing reservoir 1 as a ground for 120 s.
Results and Discussion
Effect of the composition of the buffer on DNA migration in the microchip
Generally, in electrophoresis the TBE buffer is utilized because of its stability and high buffering ability, and also the TBE, itself, rarely affects the experiment after electrophoresis. However, it is unclear as to which buffer has the better buffering capacity in microchip electrophoresis. In addition to the conventional TBE buffer, phosphoric acid buffer was prepared and the separation ability of these two buffers was examined. To optimize the composition for the separation matrix and applied filed strength, the resolving power and analysis time for DNA separation were examined while varying both the concentration of methyl cellulose from 0.2% to 1.0% and the field strength from 150 V/cm to 180 V/cm. Consequently, the combination of a 0.2% solution of methyl cellulose and 180 V/cm field strength is suitable for the highspeed, high-resolution separation of DNA. These separation conditions were used to examine the effect of the pH on the separation of DNA. Interestingly, the migration time in the phosphate buffer was shorter than that in the TBE buffer, and the separation ability of the phosphate buffer was across a broader range (Fig. 1) . Differences in the separation ability of the buffers were due to a combination of the effect of the dielectric constant and the flow in the buffer on the migration of the DNA molecules. When the dielectric rate was compared between the two buffers, the value of the dielectric rate of the phosphate buffer was higher than that of the TBE buffer. Although the dielectric rate is determined by various factors, it is thought that the charging quantity mainly influences this rate. Hence, the migration time will decrease if a solution with a high dielectric rate is utilized. However, if the dielectric rate becomes high, the amount of Joule heat generated becomes large, and substantially effects the buffer solution. While examining the flow of the phosphate buffer, when the flow velocity was observed simultaneously, it was earlier than that of the TBE buffer (data not shown). In addition, the current value of two buffer solutions was compared. Since the current value of the TBE buffer solution was 14.0 µA and the phosphate buffer solution was 17.5 µA at pH 7.6, it was shown that the phosphate buffer solution tends to let a current pass; the current value of the phosphate buffer solution was about 3 µA larger than that of the TBE buffer solution for each pH. Therefore, it is easier to be drawn rather than the TBE buffer solution by an electric field; as for the phosphate buffer solution, the phosphoric acid molecule strongly drawn by the electric field also affects the water element, and the flow velocity is considered to be faster than that of the TBE buffer solution. Overall, the phosphate buffer has a better separation ability than the TBE buffer. This experiment showed that DNA can be resolved in the phosphate buffer at high speed and resolution.
Influence of the pH on the DNA separation behavior
The microchip separation of 100-bp ladder DNA fragments was performed using a phosphate buffer ranging from pH 2.6 to pH 12.6. Figure 2 shows that the separation ability changed tremendously along with changes in the buffer pH. Thus, we predicted that the separation ability changed according to the ionization state of the composition of the buffer. To test this, the following experiment was performed. First, the pH extremes were investigated utilizing HCL and KOH for any pH adjustments (Fig. 2) . At pH 2.6, the DNA was not completely separated. The DNA fragments greater than 700 bp were inseparable, particularly the 1500-bp and 2000-bp fragments. Next, the polymer solution was adjusted to pH 12.6 and the experiment was repeated. At pH 12.6, the DNA ladder fragments were separable with a shorter migration time, in contrast to their separation at pH 2.6. In addition, 1000-bp and 1500-bp fragments were partially separable. Similarly, the migration time did not become shorter when the experiment was repeated while utilizing the TBE buffer solution at a basic pH, and the migration time in the TBE buffer was slower than that in the phosphate buffer. Thus, the phosphate buffer may be more beneficial than TBE in microchip electrophoresis. In addition, the DNA migration behavior was examined. Figure 3 shows the relationship between the relative electrophoretic mobilities of the DNA 100-bp ladder and the pH of the TBE buffer and the phosphate buffer. The DNA migration in the phosphate buffer was similar to its migration in the TBE buffer. At a higher pH, the DNA mobility increased. However, in the TBE buffer, a decrease in the DNA mobility occurred at pH 6.6, a neutral pH for TBE. It is thought that this migration difference was due to the composition of the buffers. TBE is composed of boric acid and Tris, which is a weak acid substance that presumably causes the electric charge state of the buffer solution to change dramatically at pH extremes (i.e., pH 2.6 and 12.6). At a strong basic pH, almost all buffers are ionizing and the current flows easily through the buffer. Since the DNA molecule is also charged, it is similarly influenced by the current. In this state, if a voltage is applied, a current tends to flow easily and the DNA is drawn to the current, thus increasing the DNA mobility. The DNA mobility also increases along with an increase in the pH in the phosphate buffer. However, as for a fixed degree of DNA mobility being acquired, unlike the TBE buffer, in the phosphate buffer the ratio of ions to non-ions is nearly regular in every pH unit, because the phosphate buffer consists of both weak acid and weak base substances. From the results with the TBE and the phosphate buffer, the ratio of ions to non-ions in the electrophoresis buffer is important for DNA separation. The increase of the DNA mobility caused by an increase in the pH indicates the dissociation of the buffer solution.
Next, the relationship between the resolution and pH was investigated. Figure 4 shows that a different effect was seen in each buffer. In the case of the TBE buffer (Fig. 4a) , resolving 100 bp/200 bp and 500 bp/600 bp fragments was unaffected by pH changes. It is thought that the increasing the temporary resolution near the neutral region of the TBE buffer is due to the slower mobility of each DNA molecule. Although there was no big difference in the resolution of the 500 bp/600 bp fragments in the case of the phosphate buffer (Fig. 4b) , as for the 100 bp/200 bp fragments, the resolution decreased as the pH became more basic. It is thought that the fall of this separation ability is due to more than the actual migration. Since the decrease of the fluorescent intensity and the broadening of the peak intensity occurs as the pH becomes high, other aspects of the process, such as the rate of fluorochrome labeling or the sensitivity of the measurement apparatus, may contribute to the lower resolution of the DNA. Nevertheless, the phosphate buffer is useful for separating DNA, since it has a resolution nearly equivalent to that of the TBE buffer, and has a faster resolving power.
Conclusion
This study considered which factor would have the greatest influence on microchip electrophoresis. It was especially shown that a phosphate buffer can be utilized for separating and resolving DNA by PMMA microchip electrophoresis, because it provides a higher resolution and speed, as compared to that of the TBE buffer. In addition, the impacts of the buffer composition and the pH were investigated, which showed that both parameters strongly influenced the DNA separation. Summarizing this influence, it is thought that it is a large factor that a DNA molecule rides the changing flow of the phosphate buffer by pH changing from this experiment. However, not only this, but also the influence of the salt of the buffer solution and the influence of the ionic strength may be considered, and may have had some influences on the DNA. Experiments and examinations are now also taking place including the action of a single molecule. These influences are due to be considered from now on. In this study, although separation of 100-bp to 2000-bp sized DNA fragments had previously taken approximately 240 s, when these sized fragments were dissociated under the optimal conditions, it became possible to dissociate the DNA fragments within 100 s. An important key factor is not only the molecular sieve effect of the polymer, but also the states (composition, pH, etc.) of the electrophoresis buffer for DNA separation. By using the polymer separation medium, itself, in this study can also work as an EOF exclusion agent in microchip electrophoresis. In this study, it was shown that DNA separation can be performed at high-speed without reducing the resolution by changing the state of the buffer solution. Since the preparation of the polymer and buffer is simple, these improvements to the µ-TAS system can easily be applied to future experiments.
